Recently, exosome-encapsulated microRNAs (miRNAs) have been attracting attention as stable and minimally invasive biomarkers in cancer patients. The aim of the present study was to clarify the value of plasma exosomal microRNA-23b (miR-23b) as a diagnostic and prognostic biomarker in gastric cancer (GC) patients at each tumor stage. We first selected recurrence specific exosomal miRNA by miRNA microarray from 6 GC patients (stage I) with or without recurrence, and 3 healthy volunteers. In this analysis, miR-23b demonstrated the most significant change. Subsequently, we validated the usefulness of miR-23b as a biomarker using the plasma exosome samples collected from 232 GC patients and 20 healthy volunteers. miR-23b levels were evaluated by Taqman microRNA assays. Exosomal miR-23b levels of GC patients were significantly lower than those of the healthy controls. A significant association was revealed between the plasma exosomal miR-23b levels and the expression of miR-23b in primary tumor tissues. Concerning the pathological condition, miR-23b demonstrated a significant association with tumor size, depth of invasion, liver metastasis and TNM stage. The overall survival (OS) rates of low-miR-23b patients were significantly worse than those of high-miR-23b patients at stage I, II, III and IV. The disease-free survival (DFS) rates of low exosomal miR-23b patients were significantly worse than those of high-miR-23b patients at stage I, II and III. Cox multivariate analysis indicated that exosomal miR-23b was an independent prognostic factor for OS and DFS at each tumor stage. Our results revealed that exosomal miR-23b has potential as minimally invasive predictive biomarker for the recurrence and prognosis of GC in patients at all stages.
Introduction
Gastric cancer (GC) is one of the most prevalent cancers in Japan and other East Asian countries (1) . Although the 5-year survival rate of GC patients with early stage in Japan is 97%, the recurrence rate after surgery in GC patients with advanced stage is also high. In particular, the 5-year survival rate at stage IV is around 10%. In order to improve the prognosis, it is important to clarify the biomarkers for the screening of GC patients in the high-risk group of recurrence.
MicroRNAs (miRNAs) have been shown to be one of the potential biomarkers for tumor diagnosis and prediction of prognosis in various types of cancer (2, 3) . They are small non-coding 23-35 nucleotide molecules, which post-transcriptionally regulate the production of proteins from their messenger RNAs (mRNAs) (3) . miRNAs play an important role in the process of cell proliferation, differentiation, apoptosis and metastasis (2) . It has been reported that miRNAs are abnormally expressed in cancers and influence the initiation and progression of cancer cells as oncogenes or tumor-suppressor genes (4) . In addition, miRNAs can be detected not only in tissues, but also in body fluids such as plasma, serum, urine, saliva and lactation milk. Many studies have focused on cancer-derived miRNAs in the circulatory system of cancer patients (5, 6) . These studies indicated that plasma miRNAs may act as minimally invasive biomarkers for the diagnosis and prognosis of GC patients (5) (6) (7) (8) .
Other studies have confirmed the existence of miRNAs in a stable form within plasma/serum exosome. The exosomes, which are extremely small at 40-150 nm, originate from the luminal membranes of multivesicular bodies (9, 10) . Released by the process of fusion with the cell membranes of multivesicular bodies, these exosomes contain protein and selectively packaged RNA, such as miRNA, and have the ability to transfer these components to other cells (11, 12) . Cancer patients often exhibit high concentrations of exosomes, and if the exosomes contain intact miRNA, they have potential as effective predictive and prognostic biomarkers (12) (13) (14) (15) . At Exosome-encapsulated microRNA-23b as a minimally invasive liquid biomarker for the prediction of recurrence and prognosis of gastric cancer patients in each tumor stage present, we have already reported that exosome miR-21 is a useful biomarker for predicting the recurrence and prognosis of lung and colorectal cancer (16, 17) . However, few published studies have investigated the association between the plasma exosomal miRNA expression and the prognosis of GC patients at each tumor stage.
In the present study, we aimed to demonstrate the potential of exosome-encapsulated miRNAs as predictive biomarkers for recurrence and prognosis in GC patients at each tumor stage.
Patients and methods
Study design. We selected recurrence specific exosomal miRNA by microRNA micro-array analysis using the plasma exosomes collected from stage I GC patients who had relapsed after surgery (n=3), stage I GC patients who had not relapsed after surgery (n=3) and healthy controls (n=3). Subsequently, we validated the selected miRNA using the plasma exosomes collected from another 232 GC patients and 20 healthy volunteers. The patients were studied between November 2006 and December 2013 at Teikyo University Hospital. The cancer stage was determined according to the TNM classification (UICC). In the present study, 74 cases with stage I, 47 cases with stage II, 79 cases with stage III and 32 cases with stage IV GC were included. The median follow-up period was 3.8 years (range, 0.4-10.6 years). The samples were collected before the start of the treatment. The patients were treated with standard treatment for GC patients. The study protocol conformed to the guidelines of the ethics committee of the Teikyo University, and was approved by the review board of the Teikyo University (09-081-3). Written informed consent was obtained from the all patients.
Patients follow-up. Post-operative follow-up was performed according to the guidelines published by the Japanese Gastric Cancer Association (18) . Confirmation of recurrence was required to evaluate imaging or pathological diagnosis. Testing of the tumor markers (CEA and CA19-9), combined with a general physical examination, were conducted every 3 months for 3 years and then every 6 months for 5 years. Following surgery, computed tomography was conducted once every 6 months for 5 years and then every 6 or 12 months for up to 10 years. Gastroscopy was conducted annually for a period of 5 years after surgery.
Purification of exosomes from plasma and recognition by transmission electron microscopy. Plasma (1 ml) separated from blood was used for microarray analysis and quantitative real-time reverse transcription-PCR (qRT-PCR). The exosomes were separated by ultracentrifugation (15,000 x g for 70 min) from the plasma, and the isolated exosomes were recognized by transmission electron microscopy using the electron microscope H-7600 (Hitachi High-Technologies Corp., Tokyo, Japan) as previously described (17) .
Total RNA isolation from exosomes and tissues. Total RNAs (including the miRNA) of exosomes were isolated using the miRNeasy Serum/Plasma kit (Qiagen, Venlo, The Netherlands) and total RNAs (including the miRNA) of tissues were extracted using the miRNeasy Mini kit (Qiagen). Subsequent extraction and cartridge work was performed according to the manufacturer's protocol as previously described (17) . The quality of extracted RNA was assessed using an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA).
miRNA microarray analysis. Examination of the exosomal miRNA expression profiles was conducted with a 3D-Gene Human miRNA Oligo chip ver.20 (Toray Industries Inc. Tokyo, Japan). In total, 2,578 genes were mounted in this chip. A 3D-Gene scanner (Toray) was used to scan and analyze the fluorescence signals. All procedures were conducted according to the manufacturer's protocol. The raw data for each spot were normalized to the mean intensity of background signals determined by all blank signal intensities at 95% confidence intervals. Effective assessements were considered when the signal intensity of both duplicate spots was >2SD of the background signal intensity.
Quantitative real time-PCR (qRT-PCR) for miRNAs of exosomes and tissues. By using qRT-PCR, the miRNA expression from the plasma exosomes and tissues was examined. Synthesis of cDNA of total RNA isolated from exosomes was conducted using TaqMan microRNA primers specific for miR-23b and miR-16a (Thermo Fisher Scientific Inc., Waltham, MA, USA), and TaqMan Micro-RNA Reverse Transcription kit (Thermo Fisher Scientific). Since previous research had reported that miR-16a was a reliable endogenous control for miRNA analysis by qRT-PCR in human plasma samples, we decided to use it as an internal control. TaqMan microRNA primers specific for miR-23b and RNU6B and TaqMan Micro-RNA Reverse Transcription kit (Thermo Fisher Scientific) were employed to synthesize the cDNA of total RNA isolated from tissues. RNU6B was selected as the internal control of tissue samples. qRT-PCR was performed using TaqMan Universal PCR Master Mix (Thermo Fisher Scientific) and LightCycler-480 (Roche Applied Science, Basel, Switzerland) following the manufacturer's protocol. Each sample was analyzed in duplicate. Relative quantification of miRNA expression was calculated using the 2 -ΔΔCT method as previously described (17) .
Statistical analysis. The data were expressed as the mean ± standard deviation (SD). The cut-off value was set at 0.78, which is the median of miR-23b. The relationship between the microRNA expression and clinicopathological factors was analyzed using the Student's t-test, the Chi-square test and ANOVA. Using the Kaplan-Meier survival curves, overall survival (OS) and disease-free survival (DFS) curves were analyzed, and the differences were estimated using log-rank tests. Cox proportional hazard model was used to estimate univariate and multivariate hazard ratios for OS and DFS. Multivariate analysis was performed for factors that showed significance in univariate analysis. All P-values are two-sided, and P<0.05 was considered to indicate a statistically significant difference. Statistical analyses were performed using the JMP 9.0 software (SAS Institute, Inc., Cary, NC, USA).
Results
Exosome electron microscopic image. To confirm the exosomes, we examined the ultracentrifugation samples from the plasma of GC patients by transmission electron micros-copy. In this sample, we captured images of round micro vesicles that had diameters of about 50-100 nm ( Fig. 1) .
Exosomal miRNA array analysis of GC patients. To reveal the recurrence-predictor exosomal miRNA in GC patients, microRNA array analysis was employed. In the present study, plasma exosome samples were collected from stage I GC patients who showed recurrence after surgery (recurrence group, n=3), stage I GC patients who did not show any recurrence after surgery (non-recurrence group, n=3) and a healthy control group (n=3). The clinical backgrounds of these 6 GC patients and 3 healthy controls used for this analysis are listed in Table I . The recurrence sites of 3 patients were liver. Table II demonstrates the five markedly downregulated and upregulated exosomal miRNAs after comparison of these samples. In these miRNAs, miR-23b (MIMAT0000418) of the recurrence group displayed the most marked change compared to that of the healthy control and non-recurrence group. In the data for the upregulated miRNAs, fold changes were at lower levels than those of the downregulated miRNAs. These results led us to select miR-23b as a potential predictive marker in GC patients.
Expression of miR-23b in the GC tissues and plasma exosomes.
Expression of miR-23b was assessed by qRT-PCR in plasma exosomal samples and primary tissues collected from GC patients. First, we examined the correlation between exosomal miR-23b levels and miR-23b expression in primary tumor tissues in the same patients. Sixty patients with stage I (15 cases), stage II (15 cases), stage III (15 cases) or stage IV (15 cases) GC were subjected in this analysis. As displayed in Fig. 2 , a positive significant correlation was demonstrated between them (P<0.01). Subsequenlty, exosomal miR-23b levels from 232 patients with stage I (74 cases), stage II (47 cases), stage III (79 cases) and stage IV (32 cases) GC and 20 healthy volunteers were compared. As displayed in Fig. 3A , exosomal miR-23b levels of GC patients were significantly lower than those of the healthy controls (P<0.01). Furthermore, with the progression of cancer, exosomal miR-23b levels decreased (Fig. 3B) . In stage IV patients, the miR-23b levels decreased significantly (P<0.05).
Association between exosomal miR-23b levels and clinicopathological factors.
To evaluate the correlation between the expression of exosomal miR-23b levels and the clinicopathological factors, 232 patients were divided into two groups, in which the expression of exosomal miR-23b levels was either high or low (Table III ). The cut-off level was determined as the median of the miR-23a expression levels (0.78). A statistically significant association was observed between the miR-23b and the tumor size, depth of invasion, liver metastasis and TNM stage.
Kaplan-Meier OS and DFS survival curves based on exosomal miR-23b levels.
A comparison was made between the Kaplan-Meier OS curves of all patients (n=232) and the DFS curves of patients who had experienced curative surgery (n=200). In all patients, the low miR-23b group exhibited a significantly worse OS than those in the high miR-23b group ( Fig. 4A) . In those patients who had undergone curative surgery, the low miR-23b group showed a significantly worse DFS than those in the high miR-23b group (Fig. 4B ). An analysis of the data at each stage revealed that, in patients with stage I (n=74), the low miR-23b group showed a significantly worse OS and DFS than those in the high miR-23b group (Fig. 5 ). In patients with stage II GC (n=47), the low miR-23b group showed a significantly worse OS and DFS than those in the high miR-23b group (Fig. 6 ). Among stage III GC patients (n=79), the low miR-23b group had a significantly worse OS and DFS compared to the high miR-23b group (Fig. 7) . As for GC patients at stage IV (n=32), the low miR-23b group was observed to have significantly worse OS than those in the high miR-23b group (Fig. 8) . These data indicated that a low expression of exosomal miR-23b correlated with recurrence and poor prognosis in all stages.
Univariate and multivariate Cox proportional hazard regression analysis for OS and DFS. Univariate and multivariate
Cox analysis for OS and DFS in GC patients was examined.
Multivariate analysis was performed for variables that showed significance in univariate analysis. Table IV displays the results of univariate and multivariate analysis for the OS of all patients (n=232) and the DFS of those patients who had received curative surgical procedures (n=200). In the multivariate analysis for OS, depth of invasion, lymphatic invasion, liver metastasis, peritoneum dissemination and exosomal miR-23b showed significance. In the multivariate analysis for DFS, tumor size, depth of invasion, lymph node metastasis and exosomal miR-23b showed significance for DFS. We then considered the prognostic value of these factors at each stage of tumor development. In the multivariate analysis of patients with stage I GC, depth of invasion and exosomal miR-23b demonstrated significance for both OS and DFS (Table V) . In the multivariate analysis of patients with stage II GC, exosomal miR-23b showed significance for OS and DFS (Table VI) . In the multivariate analysis of patients with stage III GC, exosomal miR-23b showed significance for OS and DFS (Table VII) . The multivariate analysis at stage IV GC patients indicated that exosomal miR-23b showed significance for OS (Table VIII) . These results led us to believe that plasma exosomal miR-23b levels were an independent prognostic factor in GC patients of all four stages of tumor development.
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Discussion
In the present study, we demonstrated that plasma exosomal miR-23b offers a great potential as a minimally invasive predictive biomarker for recurrence and prognosis in GC patients. Low expression of exosomal miR-23b indicated a poor prognosis for OS in GC patients at stage I, II, III and IV as well as for DFS in GC patients at stage I, II and III. Recently, many studies have revealed that miRNAs are stable in the exosomes and show promise as biomarkers. They are minimally invasive in several types of cancers, including GC (9, 10) . It is known that plasma exosome plays an important role in cell-to-cell signaling (12) (13) (14) . In this study, firstly we selected a recurrence-predictor exosomal miRNA using the miRNA microarray. miR-23b expressed the lowest downregulation in stage I GC patients who showed recurrence after surgery (recurrence group) compared with that of stage I GC patients who did not show recurrence after surgery (non-recurrence group) and healthy controls. We also examined the miRNA which demonstrated upregulation in this miRNA microarray analysis. However, differences between the recurrence, non-recurrence and healthy control group were small. Therefore, we selected miR-23b as a predictive biomarker for recurrence of GC patients. miR-23b is a member of the miR-23b/27b/24 cluster (9q22.32). Functionally, overexpression of miR-23b functions as a tumor suppressor and it has been shown to inhibit migration, proliferation, invasion and tumor growth in various cancers (19) (20) (21) . Zhuang et al (22) as well as Pellegrino et al (23) have revealed that miR-23b is a tumor-suppressor microRNA, and that low-expression level of miR-23b was associated with metastasis in patients with breast and colon cancer.
In the present study, we revealed that plasma exosomal miR-23b levels of GC patients were significantly lower than those of healthy individuals. These results indicated that miR-23b may be useful in the diagnosis of GC patients. Using tumor tissues, many researchers have demonstrated that the expression of miR-23b wass significantly downregulated in prostate, hepatocellular, bladder and colon cancer (19, 24, 25) . Using the plasma samples (but not exosomes), Kou et al (26) reported that miR-23b was significantly downregulated in colon cancer patients. Although these studies did not use exosomes, the results obtained may support our findings. In addition, our data revealed a significant association between the exosomal miR-23b levels and the expression of miR-23b in primary tumor tissues collected from the same patients. Our results indicated that the tumor tissues may be the source of plasma exosomal miR-23b. Furthermore, we evaluated the relationship between exosomal miR-23b levels and the clinicopathological factors of patients, and revealed that the expression of miR-23b had a significant association with tumor size, depth of invasion, liver metastasis and stage. In the present study, miR-23b was selected by miRNA microarray analyses which were performed between patients without recurrence (non-recurrence) and patients with liver metastasis. Therefore, plasma miR-23b may have shown a significant relationship with 'liver metastasis', not 'peritoneal dissemination' or 'distant metastasis'. Using tissues samples, but not exosomes, Ma et al (27) reported that miR-23b levels were associated with lymph node metastasis, stage and depth of invasion.
The prognostic value of plasma miR-23b levels has been reported in patients with various types of cancer, but the results remained controversial. Kou et al (26) reported that downregulation of miR-23b in plasma was associated with poor prognosis in patients with colorectal cancer. In contrast, Zhuang et al (22) reported that upregulation of plasma miR-23b was associated with a poor prognosis of GC. In this study, the low expression of plasma exosomal miR-23b was significantly associated with poor overall survival and shorter recurrence-free survival in GC patients. The instability of miRNA may be one of the reasons for this controversy. Since miRNAs are preserved in an intact form in exosomes, their stability as biomarkers may be enhanced as a result (15) (16) (17) . In the present study, we used plasma exosome, and examined its usefulness as predictive biomarker for recurrence and prognosis of GC patients at each tumor stage. Our results demonstrated that low expression of exosomal miR-23b was significantly associated with poor OS and shorter DFS in GC patients with stage I, II, III and IV. Furthermore, we found that exosomal miR-23b was a significant independent prognostic factor for OS and DFS in GC patients with stage I, II and III and for OS in patients with stage IV. To the best of our knowledge, no previous study has clarified the prognostic value of exosomal miR-23b as a biomarker in patients with GC at each tumor stage. The current standard treatment of GC differs according to stage. In Japan, the standard treatment for stage I is endoscopic submucosal dissection or laparoscopic gastrectomy. For patients with stage II and III (except SS/N0 patients), TS-1 is administrated for one year after surgery (28, 29) . Aggressive postoperative adjuvant chemotherapy, in the form of the administration of capecitabine plus oxaliplatin, is performed in the first half year after surgery for patients with stage III GC (30) . However, recurrent cases exist in patients with stage I who underwent curative surgery and in patients with stage II and III who completed postoperative adjuvant chemotherapy. In order to improve prognosis, it is important to clarify high-risk cases of recurrence at each tumor stage. In our study, we revealed that exosomal miR-23b was useful for the selection of GC patients at stage I, II and III who are at high risk of recurrence.
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One of the limitations of our study is that it was a retrospective study. Therefore, a larger prospective study is required to clarify the value of exosomal miR-23b. In addition, the target gene of miR23b was not examined in our study. Previous studies have reported Pyk2, Ywhaz, ATG12 and HMGB2 as target genes for miR-23b (19, 20, 31, 32) . We are planning to examine these issues in our next study.
In summary, this study has indicated that exosomal miR-23b is a promising, minimally invasive biomarker for the diagnosis, prediction of recurrence and prognosis of patients with GC. Therefore, further development of this exosomal microRNA is expected.
